8 
I 

1 
I 

E 

| 

Q> 

f 
I 

1 



5 

o 

i 
I 

I 

■p 



c 
o 



3 



(19) 





(12) 



(43) Date of publication: 

07.01.1999 Bulletin 1999/01 



E zrr:r w iiiiiiiiiini 

Office europ6en des brevets (f -j) EP 0 889 615 A2 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : H04L 5/14, H04L 27/26 



(21) Application number: 98112040.5 

(22) Date of filing: 30.06.1 998 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NLPTSE 

Designated Extension States: 
ALLTLVMKROSI 



■g (30) Priority: 30.06.1997 US 884895 

(71) Applicant: 

Integrated Telecom Express 
Santa Clara, California 95051 (US) 



(72) Inventors: 

• Liu, Young Way 

La Mirada, California 90638 (US) 

• Liu, Ming-Kang 

Cupertino, California 95014 (US) 

• Chen, Steve 

San Jose, California 95132 (US) 

(74) Representative: 

Llns, Edgar, Dipl.-Phys. Dr.Jur. 
Gramm, Lins & Partner GbR, 
Theodor-Heuss-Strasse 1 
38122 Braunschweig (DE) 



;5 (54) Multlcarrler transmission with variable data rate 



(57) A high speed communications system is pro- 
vided which uses a selectable, desirable portion of the 
total available bandwidth of a transmission channel. In a 
preferred embodiment, the invention is an ADSL com- 
patible modem which selects a sub-set of the available 
downstream DMT sub-channels based on an evaluation 
of such sub-channels by appropriate signal processing 
circuitry. An analog front end (AFE) contains sub-band 
filtering causes an upstream transceiver to use only this 
selected number of available sub-channels for down- 



stream data transmission. This reduces hardware costs 
and complexity while still preserving compatibility with 
applicable ADSL standards and providing a high speed 
data link. The target data rate of the modem can be fur- 
ther enhanced to the point of achieving full protocol 
capability by increasing or upgrading the AFEs, and/or 
the signal processing circuitry in order to increase the 
number of processable transmitted downstream sub- 
channels. 
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Description 

flF ^D OF THE INVENTION 

5 The invention relates generally to an improved high-speed communications system which establishes a data link 

using only a selectable portion of the total available bandwidth of a channel. The present invention has particular appli- 
cability to systems which use rate adaptable techniques such as the discrete multi-tone modulation (DMT) technique 
and CAP for transmitting data in Digital Subscriber Lines and similar environments. By limiting the data throughput of 
the link to some adjustable fraction of the total available data rate, the present invention significantly reduces hardware 

w costs and allows a downstream user to configure a data link whose performance is directly controllable by the process- 
ing power available to such user. In this manner, the system is completely forward compatible and expandable in func- 
tionality, and permits a user to increase throughput to the point of achieving full potential of the available channel 
bandwidth . 

15 BACKGROUND OF THE INVENTION 

Remote access and retrieval of data and information are becoming more desirable and common in both consumer 
and business environments. As data and information transfer is becoming more and more voluminous and complex, 
using traditional data links such as voice-band modems is too slow in speed. For example, the use of the Internet to 

20 locate and access information is increasing daily, but the retrieval of typical graphics, video, audio, and other complex 
data forms is generally unsatisfyingly slow using conventional voice-band modems. In fact, the slow rate of existing dial- 
up analog modems frustrates users, and commerce and interaction using the Internet would have been even higher 
were it not for the unacceptable delays associated with present day access technology. The ability to provide such 
desired services as video on demand, television (including HDTV, video catalogs, remote CD-ROMs, high-speed LAN 

25 access, electronic library viewing, etc., are similarly impeded by the lack of high speed connections. 

Since the alternatives to copper line technology have proven unsatisfactory, solutions to the high speed access 
problem have been focused on improving the performance of voice band modems. Voice band modems operate at the 
subscriber premises end over a 3 kHz voice band lines and transmit signals through the core switching network, the 
phone company network treats them exactly like voice signals. These modems presently transmit up to 33.6 kbps over 

30 a 2-wire telephone line, even though the practical speed only twenty years ago was 1 .2 kbps. The improvement in voice 
band modems over the past 20 years has resulted from significant advances in algorithms, digital signal processing, 
and semiconductor technology. Because such modems are limited to voice bandwidth (3.0 kHz), the rate is bound by 
the Shannon limit, around 30 kbps. A V.34 modem, for example, achieves 10 bits per Hertz of bandwidth, a figure that 
approaches the theoretical Shannon limits. 

35 There is a considerable amount of bandwidth available in copper lines, however, that has gone unused by voice 
band modems, and this is why a proposal known as Asymmetric Digital Subscriber Line (ADSL) was suggested in the 
industry as a high-speed protocol/connection alternative. The practical limits on data rate in conventional telephone line 
lengths (of 24 gauge twisted pair) vary from 1 .544 Mbps for an 18.000 foot connection, to 51 .840 Mbps for a 1 ,000 foot 
connection. Since a large proportion of current telephone subscribers fall within the 18,000 foot coverage range. ADSL 

40 can make the current copper wire act like a much "bigger pipe" for sending computer bits and digital information (like 
movies and TV channels), while still carrying the voice traffic. For example, an ADSL modem can carry information 200 
times faster than the typical voice band modem used today. 

ADSL is "asymmetric" in that more data goes downstream (to the subscriber) than upstream (back from the sub- 
scriber) The reason for this is a combination of cost, demand, and performance. For example, twisted pair wiring cou- 

45 pling increases with the frequency of the signal. W symmetric signals in many pairs are used within a cable, the data rate 
and line length become significantly limited by the coupling noise. Since the preponderance of target applications for 
digital subscriber services is asymmetric, asymmetric bit rate is not perceived to be a serious limitation at this time. 
Therefore, the ADSL standard proposes up to 6 Mbps for downstream, and up to 640 kbps for upstream. For example, 
video on demand, home shopping. Internet access, remote LAN access, multimedia access, and specialized PC serv- 

so ices all feature high data rate demands downstream, to the subscriber, but relatively low data rates demands upstream. 
The principal advantage is that all of the high speed data operations take place in a frequency band above the voice 
band leaving Plain Old Telephone Service (POTS) service independent and undisturbed, even if an ADSL modem fails. 
ADSL further provides an economical solution for transmission of high bandwidth information over existing copper line 

infrastructures. . . .^ A1 _ ^ ^ » . 

55 Specifically the proposed standard for ADSL divides the available transmission bandwidth into two parts. At the 
lower 4 kHz band, ordinary (POTS) is provided. The bulk of the rest bandwidth in the range from 4 kHz to about 1 MHz 
is for data transmission in the downstream direction, which is defined to be from the exchange to the subscriber. The 
upstream control channel uses a 160 kHz band in between. The signals in each channel can be extracted with an 
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appropriate band -pass filter. 

interfacing with different subscriber equipment and line conditions ^ * * W ,,eX,b,e for 

A number of problems arise, however, in attempting to implement a full scale ADSL transceiver cost-effectivelv 
,o IA mT ° aC&,e !" W9h bft ra,e transmlssion «" ^«ng telephone subscriber loops. S^ZS^^I 
2 " ? ' ?T5 COmp '' Cated ^ S ' 9nal PrOCeSSin9 high speed complex digital d££X eouire^ 

As a result, this pushes current technology limits and imposes both high cost and power oonsurrSS For exllte 

^ m ° dem applications P rovide the interf ace between analog wave forms and di^LtetoXi 

hardware/software processing. In high speed modem technologies such as ADSL. AFE devices neSTSeTatHJ a 
very high samphng rate and high accuracy. For example, the DMT technology has a spectrum^ of i Mhto ~ 

' 5 SK^h"?* ^ " 8 (ADC) method ?us<5 5*22X^^2^ 

ADC technology and imposes a high cost for end users 'squires me state ot art 

™ ,rd - , add,t,on *° <he hi9h sam P Bn fl rate and resolution requirement for ADSL AFEs the other hardware and soft 

^o^:zZ x lZ n ^?T^ at a much hi9her » an — 1 ci^ESJ^SS: 

parts. For example, to implement the DMT technology in software, a custom and dedicated digital signal orocess rnQP> 
of a power of several hundred MIPS (millions instructions per second) is required Ito ^roce^ mlnv . 2 

as error encoding and decoding, spectrum transforms, timing synchran,i3ete ^ ^^7^^TJ 
■**h speed requirement for the s*na. processing port^of «8lS^^£^S5S 

sucZasT6L?™l?^ mm ^ i0nS d6ViCe (SUCh 38 3 m0dem) to *** "«* ort *• tote « throughput of a standard 
such as ADSL may be inefficient in some cases, since many prospective users of hiah -soeed rf»ta iini« mau „'7_~L 
to use all the available bandwidth provided by such -wlJ^g^AS^ 
to throttle or scale the data throughput in a manner they can control based on the* ■ iS^ES 

t" a, v3 S i^L et Lv examp,e - a J u "- sca,e ADSL system have •» »I^2E?S2?3^ 

tional V34 modems, but .t is apparent that even a performance improvement of 1 0 - 20 times than preset dav »Z 
anatog modems would be sufficient for many consumer applications, such as Utm^Z^S^S^^^ 
unlike conventional analog modems, which are available in various speeds va™*ng St M4 4 ,o 5 JES 
there are no known ADSL modems which offer scalable performance levels to uXre PS ' 

andSr^ 

jjn «J high , n l pieces sJ> -T^^ffi 

SCJo p 1 u uncertaintv how exis « in 9 and future modem-based applicaHori can woTk the ADsT 
? ^ le - Whe " US6rS rUn a " ,ntemet »PP»«lion which sends andXwes datTto 1 roTan kernel 

ST? SSTS ( ? f e€d Pr ° ,OCO ' iS fequired to 861 "P a «■ and transfer d^P^^SSJSEl 

able at various levels include ATM (asynchronous transfer mode). TCP/IP, ISDN, and current modern^ ^commands 
E,ther one of these or a possibly new protocol needs to be defined to facilitate the adoption o^ ^ A^ec^no^y 

SUMMARY OF THE INVFMTin N 

hinh^fST* f ^ P ?H ni inVen * i0n theref0fe iS to provide 3 communications system which is fully compatible with 
high speed, rate adaptable protocols such as are used with ADSL, but which system is nevertheless 

aZT^S* 0 !"" '^gnraozrming circuitry and is thus reduced i cost and JUSS- ^^"^ 
^J^L ^Tt the present invention is to provide a communications system which is fully compatible with high 

ZZiSl T?T* m ? dU ' a,,0n Pr0t0C0 ' S SUCh 35 UMd with ADSL - but which ^tem is neverthele^rnplemertaSe 
with simpler digital signal processing circuitry and is thus reduced in cost and complexity 'mpiementawe 

oon^Z^^^^'J""^ iS <0 PrOVide 3 meth0d ,or transmitting data within a fractional, desirable 
£S T l^^I^ ' n 3 Chann6 ' by modu,atin 9 only a limited number of desirable sub-channel data carriers 
so that a h.g .speed data link can be achieved that is faster, and has reduced computation andharSedSs 

!T er ^T We ° f <he pr6Sent invention is to P rovide a communicatiorJ > system wSh uJ^iJSSi* 
deviafon ,n the sub-channels signals, so as to reduce the dynamic range required Jthe front JSEctS to S 
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mize quantization errors. 

Another objective of the present invention is to provide a high speed communications system having a data 
throughput that is easily controllable and expandable, so that the performance range of such system can be configured 
to any fractional percentage of total bandwidth available in a transmission channel, up to and including full bandwidth 

use of the channel; . 

A related objective of the present invention is to provide a h igh speed communications system that is modular so 
that forward compatible and expandable functionality can be incorporated flexibly and with a minimum of effort on the 
part of a user of such system; 

Yet a further objective is to provide a system that is compatible with high speed protocols used in ADSL, but which 
is also easily adaptable to support preexisting high level data protocols, including those presently used for controlling 
high speed voice band modems; 

A further object of the present invention is to provide a high speed communications system that self-calibrates its 
own performance level, based on the processing power available to such system; 

Another objective of the present invention is to provide a high speed communications system that permits a user to 
configure the performance parameters of such system using conventional personal computer hardware, software and 

operating systems; . 

A further object of the present invention is to provide an interface between a host operating system and a high 
speed communications system that provide forward compatible and expandable functionality; 

An additional aim of the present invention is to provide an improved system for concurrent control of conventional 
voice data traffic on a POTS channel, and upstream/downstream communications on separate sub-channels; 

These objects and others are accomplished by providing a communications system that permits a host processing 
device to receive selected data within a narrow bandwidth from an upstream transciever which can and normally trans- 
mits a large bandwidth analog data transmission signal through a connected channel. A channel interface circuit AFE 
samples the received analog signal to generate a digital signal. Only a limited portion of the bandwidth may be sampled 
thus reducing front end complexity. A digital signal processing circuit flien extracts the selected data from this limited 
digital signal, which is significantly easier to process than a full bandwidth digital signal. Feedback information is pro- 
vided back to the upstream transmitter which causes the upstream transmitter to transmit downstream data thereafter 
only using the limited bandwidth of the front end. and not the full bandwidth. This feedback information contains infor- 
mation about the channel that suggests to the upstream transmitter that the other bandwidth in the channel is unusable. 
In this manner, the upstream transceiver is trained to accommodate the lower rate downstream transceiver in a manner 
that nevertheless preserves protocol integrity. . . , _ . . nMX 

In a preferred embodiment, the large bandwidth analog data transmission signal is comprised of a number of DMT 
modulated sub-channels, and an anti- aliasing filter on the front end of the the downstream transceiver ensures that 
only a limited number of such sub-channels are processed by a DMT signal processing core. The feedback information 
consists of non-zero SNR information for the selected sub-channels, and a sub-channel blackout -mask" to eliminate 
the potential use of other sub-channels. The feedback information is sent by way of a front end transmitting circuit which 
transmits an upstream data transmission using a second frequency range different from the downstream transmission^ 
One implementation of the aforementioned high speed system is in a personal computer, so that the signal 
processing can be accomplished using a processor within such computer, which in a preferred embodiment is an X86 
compatible processor. Another implementation of the aforementioned high speed system uses a dedicated signal proc- 
essoTfor demodulating the selected sub-channels. This cuts down on processing overhead requirements for a host 
processing system incorporating the system. In such implementations the portion of the downstream data transmission 
to be processed for data extraction can be configured by a user of such systems, or alternatively, it can be dynamically 
determined based on an evaluation by the digital signal processing circuit of performance characteristics of different 
portions of the frequency spectrum within the bandwidth potential of the upstream transceiver. 

In another variation, the data rate of a system such as described above can be increased by processing data from 
an additional second limited frequency bandwidth portion of the total available downstream bandwidthjn a preferred 
embodiment, this can be done by including a number of anti- aliasing filters in a modular bank as part of the analog front 
end section each of which passes a different frequency bandwidth portion. By making the analog front end modular 
the data rate of the overall system can be scaled in a controllable and cost-effective fashion. At the same time, each 
analog front end portion can be operated at a slower sampling clock and smaller dynamic range. This results in a more 
relaxed speed requirement and smaller quantization noise at a given number of bits per sample. 

The present disclosure also includes an interface to an operating system, to facilitate controlling the high speed 
communications system when it is incorporated in a personal computer system. This interface ensures that the operat- 
ing system treats such communications system essentially the same as other prior art voice band modems, and in a 
preferred embodiment, is a device driver for the Windows NT operating shell. Finally, the present disclosure also 
describes an applications program which permits a user of a personal computer to control the performance character- 
istics of the high speed communications system by setting certain system parameters when such system is mcorpo- 
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, ***** based on an e^Lon „ p^^^%££^^»^"™™«^^<*»><* 

arra«ns W aL a uS theTe^Zf^nT " «**» a " ^ am 33kbs rate modem this 
^ceisso,ar g e*a.i,^ «*»<*on in such prior ar, 

modem is not compatible with and does ncrfL^tTfS! . y . dS Furtnermor * «he smaller bandwidth 

undesirable from a^mptementaJon s?n dD ^nSJJ ^2^^ ^ h ' 9her bandwidth modem - which is a '*> 

limitations of prior art^ESJ^^ to rStf. T*? the P reserrt inventi °"- the lower end modem 

the full capacities of m^c£nc£ pfotc^ot ^ ' P"* 0001 ^ *" " 0t teke advafrta 9e <* 

BRIEF DESCRIPTION! OF Tu g DRAvyi^ ff 

J?" ' C * 3 Pi: ' 0,ia, °* a SNR curve for a typica, subscribe, taop channe, usino eub-channe, modute- 

^ZEEES?^ - —"«-•-» e^n the una**,* ^ prernlses „ 

*" oenerai op9rafcn 01 *• c °'* 0 ' aB ** , °" — " »» 

DETAILED DFSCRIPTIOM OF THP iMVPMTinM 

P«-SS3US^^^ TP"* * «- ^nation of ADSL technology is 

known in the art to use t^^XSS^S^SS? ^ 6Xp,ained ab ° ve - » is we »" 

enectuate the ADSL standard. In contrast to most modulation schemes, such as AM/FM 
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transmissions that use one carrier, DMT uses multiple carriers to transmit data bits. Specifically. T1E1 .4 ADSL stand- 
ards specify an up to 255 channels for downstream transmission from the central office to subscribers and up to 31 
channels for upstream transmission from subscribers to the central office. As shown in Figure 1. each carrier has a 
bandwidth of 4.3125 kHz. The total bandwidth is 1.1 MHz for a total of 255 channels. In the upstream direction, a "pilot" 

5 tone in the approximate range of 69 kHz, is used for maintaining timing synchronization. A similar pilot tone is transmit- 
ted in the downstream direction in the vicinity of 276 kHz. 

Since upstream and downstream transmissions are over the same 2-pair twisted wire, they need to be separated 
by either echo cancellation (EC) or frequency division multiplexing (FDM). Echo cancellation allows simultaneous trans- 
missions in both directions but requires a complex echo canceler implementation. On the other hand. FDM uses two 

w different frequency bands for separate downstream and upstream transmissions. As shown in Figure 1. the upstream 
transmission uses subchannels from channel number 6 to 31. and the downstream transmission uses subchannels 
from channel number 41 to 255. While the remainder of the discussion below focuses on an system employing FDM, it 
will be appreciated by those skilled in the art that the present invention is adaptable and can be used beneficially with 
echo-cancellation approaches as well. 

is As with most communication environments, the transmission bit rates for both upstream and downstream commu- 
nications in ADSL are not fixed but instead are determined by the quality of the channel. In the present invention, a 
number of well-known techniques can be used advantageously for setting up the initial data link. In general, these tech- 
niques work as follows: during initialization, the channel quality is measured and a certain data rate (typically a number 
of bits) is assigned for each DMT subchannel; thereafter, a "hand-shaking" process is used to dynamically and adap- 

20 tively change the bit loadings (and energy levels). The latter is often necessary because (among other things) changes 
may occur in the overall channel characteristics, changes in the target bit rate may be needed, or new bit distributions 
in the sub-channels may be required because of degradations in one of the sub-channels. 

The quality of the sub-channel response can be measured by the received signal to noise (SNR) ratio. According 
to the Shannon theorem, the upper limit of the number of bits per unit Hz that can be transmitted is log 2 (1 +SNR). There- 

25 fore, by measuring the received SNR at the receiver end. one can determine the number of bits allocated for each 
subchannel modulation. The total data throughput race achieved by the system, therefore, is simply the sum of all the 
data rates of all the usable subchannels. 

According to the Tl E1 .4 ADSL standards, data bits are grouped and processed every 250 jisec. The number of 
bits that can be processed over one such time frame is the summation of the bits allocated for each subcharnel deter- 

30 mined from the previous channel response measurement. For a given number of bits assigned to a certain subchannel, 
quadrature amplitude modulation (QAM) is used to convert bits to a complex value, which is then modulated by the 
subchannel carrier at the corresponding frequency. 

The above is a merely a brief summary of the general operation of a typical DMT/ADSL communications system. 
The general circuits used in prior art ADSL systems, the specifics of the bit/energy loading process for the sub-chan- 

35 nels. the bit fine tuning process, and the details of the modulation of the sUb-channels, are well-known in the art. and 
will not be discussed at length herein except where such structures or procedures have been modified in accordance 
with the teachings herein. , 
The full downstream data throughput of a typical p rior art ADSL standard transceiver approaches 6 Mbps. which 
is more than 200 times the speed of conventional analog modem technology. This requirement was imposed since a 

40 large part of the initial motivation to implement ADSL was to achieve high speed multimedia communications and video 
teleconferencing. Nevertheless, a large number of potential users do not want or need to have such wide bandwidth 
capability. For example, many potential users of ADSL (or similar high speed loops), including many who are intending 
to use such links primarily for Internet access, only need to achieve downstream transmission speeds that are in the 
hundreds of kilobits per second range. This data rate is in fact achievable using only a fraction of the available band- 

45 width of ADSL. By processing only a fraction of the available bandwidth of the ADSL standard, the present invention 
permits a limited but extremely useful ADSL modem to be implemented with significantly less expense and complexity 
than previously possible. At the same time, because the present invention has modular characteristics, the proposed 
implementation of the present invention affords users an easy path to forward and upward expansion of the overall func- 
tionality of their system, -a-. ... 

so The principle behind this aspect of the present invention is as follows: As shown in Fig. 1B. if the transmission in 
the channel is restricted to a smaller bandwidth by an anti-aliasing filter 80. according to the Nyquist sampling theorem, 
the sampling rate of AFE devices (such as ADC 81) that perform analog to digital conversion can be significantly 
reduced Specifically if the total downstream bandwidth is limited to some fractional total B Hz (in a preferred embodi- 
ment using DMT in an ADSL environment. B = 20 DMT channels or about 86 kHz) as shown below, we can limit the 
55 Nyquist sampling rate to around 180 kHz. This is achievable with ADCs having greatly simplified hardware and reduced 
performance requirements, in contrast to the full ADSL bandwidth approach, which processes 200 DMT channels or 
900 kHz in the case of full ADSL implementation. 

The total accumulated bit race of an ADSL communications system using the present invention can be calculated 
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as followsjup^se a total number ofk subchannels (out of a total of M possible) are to be supported and each channel 
is allocated bk bits for transmission. The total accumulated bit rate (R) is: cnannei 

R * ( E M k bj) * 4 kHz (bits/sec) 

where 4 kHz is the framing race defined by T1 El .4 ADSL standards. If k=20 channels and the average number of bits 

' S 6 '£? t0ta ' ^ ( ? iS app ™ matel * 48 ° * can be seen that this fractionafus TZ ADst 

bandwdth nevertheless provides about 9 times the performance of a conventional analog 56 kbits/sec digital modem 
The benefits of th.s approach of the present invention are apparent. The overall performance and cost of a Ngh speTd 
communications system can be scaled and controlled in direct relationship to the particular needs of particular users 

rSTS' JL r !l^? ab,e bV (8nd * he re ' ative °° st of > anv P 8 *"** implementation of the pnesent invention 
js generally determined by two factors: (1 ) the capacity of the AFE; and (2) the capacity of the hardware perform!^ Te 

okJ 71 * 03 ^ * a " i FE ! S 9e " era "y measured by the maximum sampling speed rt can achieve. As explained 
I *® samp,,n ? speed ,n turn determines the upper limit of the frequency band B (in kHz) that can be obtamed At 
he defined chame separation o 4.31 25 kHz for ADSL, the total number of subchannels that can be supported is less 
than or equal to B/4.1325 A su-table ADC can be selected, therefore, based on the particular data rate7rJcS 
requirements of any particular user. «« d ng wa 

w nUrr HOZfT "2 !T "f** 01 subch *™e's (ami achievable data rate) is the processing power available 
for DMT modulation and demodulation routines. For example, a variety of performance levels (achievable data rates! 

ZIZZ^T "J^T" ?T Si9na ' Pr0CeSSin9 ha,dware - SuCh 98 W Processors, as discSs^ fn 
ZZ , h ^ W 1 re,e L enCe J° F !?" re 2 Alte "*«vely. as shown in Figure 3. if such routines are implemented pri- 
Zif Sl^T T 2* 8 ?°? CPU - *• required P rocessi "9 P°wer (MIPS) generaHy increases directly astinc- 
L h S ^K nn S S 40 be P rocessed ™» ^ because, in general, most of the processings a°e 

- ' % t am ? by 4 f han "^ baSiS below in ™ re delail - *• P res ^ invention makes use of a 

f . ;i Ut,ne e ? ,,ma,m9 the total availab| e processing power of a users computing system in order to set an 
upper limit of the total subchannels that can be supported -h u y»«* uraer io sex an 

taut nT^ntLrfJ^'Tr 1 ° f ^ PartiCU lar AFE ° f Signal P rocessi "3 technique used, however, another useful 

^T"? ,nVen, '° n iS that the sub-channels with the largest signal to noise ratio (SNR) 
w,th.r ^ the passband I are selected for data transmission. In other words, in the preferred embodiment of the preset 
invention those k subchannels within the passband that support the largest number of bits areSed VmiS^l 

uatirs k i for fr examp,e - a T am a m>w subscr,ber ,ine has a snr *« s££ sszs£ 

£ y?*""! ,6S - " Can *" Se *" r0U9h ' y in •* ,i9ure that whi,e *«• « r * than 200 sub-channis 
T transm 1S sion in ADSL, it is typically the case that 50% of the maximum data rate ran be 
accomplished using only a much smaller percentage (than 50%) of the sub-channels. This fact is especially usSul in 
cons.der.ng some of the shared/ multi-channel bandwidth embodiments discussed further below. 
m^IT?,^* 1 TT m : ther ?*> re " J*™* 5 an implementation for a high speed data communications system that 
temT JITSIS 52 "* T ° Cha^^e, • WW,e 51111 b6in9 c omPatibte and forward expandable^ these 

erms. rt is mearrt that a system constructed in accordance with the teachings herein is completer/ compatible > with a 

n^£^TJrrV D t ° M ? Z*™ M ° reOVer - » Wi " to t"°se sWHedTthe art trTa^riate 

Z^^Z ? ° tt,e ^ hanne ' and da,a Hnk pr0tOCO,s and ^"dards can be made so that the preseSnton 
SI ,o a ^^ US ' y t empl0yed in n °"- ADSL erwironm *"ts as we... Upward compatibility and forward expandabil^ 
refer to the fact that systems constructed with the present teachings can have data rates that are easily upgraded 
st^H preserving and maintaining compattbilrty with existing standards. For example, lower end users desiTg ^esTband 
width can ach,eve a satisfactory performance with a minimum of cost, and canthen upgrade the perfo^nc^ of 

wa^e/sSTrl * """"^ UP9rades ° f the ^ — i p^SJ 

a rd hJ^r n f^ S S , | Cted inaccordance witn the present teachings is completely compatible with the full ADSL stand- 
1 * 0* the followng two aspects: According to the rate adaptation feature specified by the T1 E1 4 ADSL stand- 
JJSJ? S« 'f Su e b - Chamel is determined initially (and preferably dynamically on an ongoing basis) by "he 
thf ^ o ? NR analys,s . Speech, an ADSL downstream receiver can inform an upstream ADSL, trailer aboul 
the qualrty of Je transmission; the receiver can also decide the bit rate for each sub-channel. Therefore a downstream 

inVenti0n Can °" the ^ and Pass^roTS 

receiver) supply an upstream, full-standard ADSL transmitter with information or control signals to effectuate a trans- 

ri S^Tt T iCU ' ar ' " 3 Preferr6d ^ upstream ADSL Uteris p o- 

vKJed with SNR mformation for sub-channels outs.de the passband that is artificially contrived so as to suqaest to the 
upstream transm,tter that these sub-channels are not usable. In this manner, the downstreams^ 
a certam number of subchannels within the AFE and signal processing capabilities of the receiverTcan be seTn ^el 
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ertheless, that this scheme is completely transparent to this transmitter, thereby permitting a system built in accordance 
with the present teachings to be fully compatible with the ADSL standard. While not possible at this time within the 
ADSL standard, it is apparent that other high-speed data protocols may use a control signal, instead, to provide for 
express limiting and control of the identity of the sub-channels transmitting information. 
5 As the technology improves for AFE devices and DMT implementation, the number of subchannels supported by a 

system using the present invention can increase. As a result, such systems can upgrade completely to a full T1E1.4 
ADSL implementation using a single higher end modular replacement APE devices, or alternatively, a number of lower 
end modular AFE devices. 

w GENERAL EMBODIMENT OF PRESENT INVENTION 

the basic structure of the present inve ntion is depicted generally in Fig. 2. In general, the present invention can be 
embodied in different combinations of hardware and software. The primary difference between these embodiments is 
the specific implementation of the DMT core. These specific embodiments are described in more detail below with ref- 

is erence to Figs. 3A and 3B. 

: The structure and operation of ADSL transceivers is well-known in the art. and for that reason the present descrip- 
tion primarily details those aspects of such transceivers which are necessary to an understanding of the inventions 
herein. As seen in Fig. 2, a channel 1 00 is made of a regular copper wire "loop", and each such loop may have differing 
electrical properties, transmission lengths (sizes), varying attenuation characteristics, and a number of impairments or 

20 interferences. Splitter 210. a conventional and well-known circuit, separates a DMT signal occupying more than 200 
sub-channels from a lower end 4 kHz POTS analog signal. The latter can be used for simultaneous voice or conven- 
tional analog modem. Hybrid circuit 220 is also well-known in the art, and consists primarily of conventional transform- 
ers and isolation circuitry used in a wide variety of high-speed devices interfacing to standard telephone lines. A ring 
detect logic circuit 290 can also be implemented using accepted techniques, to alert a Control Interface 295 to the exist- 

25 ence of a transmission signal originating from an upstream transceiver (not shown). 

The full bandwidth signal is either low passed or bandpass limited to a frequency width B by suitable, well-known 
techniques as it passes through bandpass Filter and Analog/Digital Converter 280, so that only a fraction of the signal 
in the frequency domain is passed on to Buffer and DMT Receive Core 260. Again, the only important consideration for 
Subband Filter 280 is that it must constrain the bandwidth of the incoming signal to be £ B, where the sampling rate of 

30 the Analog/Digital Converter is ^ 2B. This can be accomplished by using well-known filter designs. By suitable selection 
of circuitry for Filter and ADC 280, the overall system cost and performance can be scaled accordingly. In a preferred 
embodiment, the signal passed through Filter and ADC 280 occupies a spectrum between approximately 200 and 400 
kHz. This selection is based primarily on an expected average performance of a typical two-wire line. It will be apparent 
to those skilled in the art that different bandpass widths and regions may be more suitable or optimal for other kinds of 

35 data links, or other kinds of multi-carrier modulation schemes. 

Moreover, in some instances, while it is somewhat more expensive to implement, an adaptive or tunable filter may 
be substituted, such that the target frequencies of the passband are adjustable uniquely for each new data link. In such 
cases, the bandpass can be configured to coincide with the sub-channels having the highest achievable SNR> including 
the subchannels that must be supported for protocol or other system overhead reasons. Also, in some applications, the 

40 analog-to-digital conversion may be performed by a digital signal processor, or by the host computer and therefore, the 
sampling rate can be dynamically controlled and matched to the bandpass target frequency and frequency breadth. 
This feature, in turn, would assist dynamic scaling of the data throughput based on system computing power and over- 
head requirements. 

Furthermore, in this preferred embodiment, using a multi-carrier approach implementation for ADSL, a pilot tone at 
45 276 kHz must be allowed within the passband. It is apparent that other protocols may require similar pilot tones, and 
the design of comparable filters to achieve the functionality of Filter and ADC 280 is well within the ordinary skill of one 
in the art. 

DMT Receiver Core 260 is generally responsible for monitoring and measuring the SNR of the sub-channels falling 
within the frequency range passed by FILTER and ADC 280, and for extracting the original data stream from the numer- 

so ous sub-carriers. In a preferred embodiment, Control Interface 295 receives system configuration information from a 
host 298. This information may contain such parameters as target throughput rare R, target error rate, target center fre- 
quencies F for FILTER and ADC 280, target frequency width B, etc. By evaluating the SNR and bit capacities of the sub- 
channels computed by DMT Receiver Core 260. and taking into consideration the target data rate R. Control Interface 
295 can select a number k of sub-channels up to and including the total available number M of sub-channels to carry 

55 the data stream from the upstream transmitter (not shown). The number of sub-channels that can be used for carrying 
data is directly related to the bandpass frequency B as described above. In a preferred embodiment. M « 200+ (ADSL) 
and Control Interface 295 will usually configure k = 20. 

For every sub-channel other than the selected k sub-channels, a "mask" or blackout control/feedback signal is gen- 
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erated and transmitted by DMT Tx Core 250, Buffer 260 and DAP ?™ tn , ir ^^~ * ^. 
any subsequent data transmissions by the upstreL ^^J^ £ Z^^^OSZJOV!^^ 
■nformation is provded. therefore, irrespective of the transmitting !^a^S^^^mSZ^^ 
oerSi^r 6 C ? nne ' 100 iS " - WShQ more than kTub-cJannete T £ ^manner *e ^ 

EZEl ^belalsX uir'^J 0 1)6 C « 0mPafib,e With pr ° ,0CO,S and P-*™«c chMct^SSJ SSS 
rn^^ ih f ^ upstream transm,tter receives feedback information indicating merely that the two systems Z 

SrSSd^y 3 Wt SUbStantia ' Si9na ' attenUati0n for data signafs outside^e k sub^han 

£S J? £ -i? »'? ada P tiveness ° f A DSL and other similar protocol the upstream transceler wHI aSo 

thS S ^ DAC 2?0 e arS *««™*"* * *• Stream transceiver I, should 

lions u<d«n»S^ a ^ ? '° the fr0nt 6nd circuit preferably transmit any upstream data transmE 

^SSl ^Tl differem ,r ° m ,h3t ° f ■» *»"*»«» ^ta transmission. HoJj STS 

e^ytma to ^SSZT^T < Tlf ,,h T F u urthermore ' in ADSL applications, the sire of this bandwidth is consi* 
ta£7 Sat!' ^channels, where L<M. In other xDSL applications. L may be on the same order or 

mentJin varied J£5^£tZ£2SZ aT '^"^ ° f *" «" be im P le " 

mented in programmable ^S^g^ES^ " ° " ^ ^ 

Some special features of the present invention include the fact that: 

(i) unlike hardware architectures implementing a full T1 E1 4 AD«5L «ttanH a ^ tK» . • 

S nSft"* ^ US*? l ° 8iC * inc<y P ora » tl •» «laing modem features; 

SeZ «S,!^:' S " a5fca " 1 ' •» -» «y specif by T1E1.4, but wflfi some import, dif. 

o^LZ™ 'ZZZ'ZZT T tto "' nl *" m channel 'reduces the need for echc-cancellation circuitry 
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(vi) Because a smaller portion of the spectrum is processed by the present invention, the peak-to-peak deviation of 
the downstream signal is reduced, and this helps to minimize quantization errors. 

DEDICATED HARDWARE BASED EMBODIMENT 

5 

Figure 3A illustrates an embodiment of the present invention that can be g enerally described as a dedicated hard- 
ware implementation. For the present discussion of Fig. 3A, it can be assumed that those circuits having like numbered 
references are the same and/or perform the same function as their counterpart in Fig. 2. For example, unless otherwise 
indicated, there is no material difference between Splitter 210 (Fig. 2) and Splitter 310 (Fig. 3A). 

10 In this errbodiment. the DMT sub-channel modulation core is implemented completely in dedicated processing 
hardware. For thin appliction. DMT Receiver Core 260 typically includes a digital signal processor (DSP) (not shown) 
and including on-board program ROM (or other suitable memory) for storing executable microcode routines for perform- 
ing bit, energy and SNR measurements of the carriers in the sub-channels. In such an embodiment, due to the power 
of the DSP. there is typically no need for processing assistance from a user's host processor 398. This embodiment 

is therefore may be advantageously employed where host processing power limitations are a consideration. 

A user of a system shown in Fig. 3A can expand the functionality (i.e., data throughput rate and modem features) 
of such system by upgrading the DMT Receiver Core 260, and where necessary, the AFE 280 as well. The system of 
Fig. 3A can be incorporated on a typical printed circuit board. By mounting or packaging the circuits used in such blocks 
in an accessible fashion, they can be replaced or supplemented much in the same way present users of personal com- 

20 puters can upgrade their motherboards to include additional DRAM. One practical alternative, for example, would be to 
have multiple available slots to accommodate new subband pass filters for passing a greater portion of the downstream 
transmission to be processed by the DMT core logic. Other practical and simple variations of this approach will be 
apparent to those skilled in the art. 

25 PARTIAL SOFTWARE BASED EMBODIMENT 

In the above dedicated hardware embodiment, the overall speed (data throughput) can be maximized but with less 
flexibility for upgrades. This is because upgrades to such a system must take the form of hardware replacements, which 
can be more costly and difficult for the user to incorporate. On the other hand, as depicted in Fig. 3B, a number of impor- 
30 tant functions of a communications system can be completely implemented in software, in an analogous fashion to what 
is commonly described in the art as a "software" modem. In this case, the overall speed of the system depends on the 
user's processor power available at host 398. and only the AFE portion need be implemented in hardware. 

The primary differences between the embodiments of Fig. 3A and 3B are the following: (1) implementation of DMT 
modulation; (2) implementation of the control and handshaking functions, and (3) implementation of the control inter- 

35 face. As seen in Figures 3B and 4. DMT Receive Core 460 and DMT Transmit Core 450 are implemented in a data 
pump device driver by the host system 398. In a preferred embodiment, host system 398 includes some form of multi- 
purpose microprocessor (such as an x86 type processor) running a suitable operating system (such as Windows by 
Microsoft), and is capable of executing suitable low level drivers for the DMT modulation (Fig. 4). as well as high level 
application software for implementing Control Interface 500 (Fig. 5). Host processor system 398 communicates over a 

40 standard bus interface 385 (i.e.. a PCI bus) to Front End circuitry 396 for implementing a high speed modem. As with 
the circuitry in conventional analog modems, this circuitry of the present invention can be effectively incorporated on a 
PC motherboard (i.e.. Bus Interface 385 and Front End Circuitry 396 can be merged so that they are essentially part of 
host system 398) or on a separate printed circuit board , or as a stand-alone unit physically separated from host 398. 
While this approach may not provide as much throughput performance, it has the advantage of being less expensive 

45 than the pure hardware approach of Fig. 2, and much easier to upgrade. 

In the -software" modem implementation of Fig. 3 using a typical PC running Windows, the DMT Tx core 450, Rx 
Core 460 and Control/Handshaking logic are implemented as a Windows Data Pump Device Driver 400. which consist 
of DMT routines, associated control and handshaking codes, and an interface to kernel 480. 

A more detailed characterization of a portion of host processing system 398 is depicted in Fig. 4. which illustrates 

so a preferred embodiment of a device driver 400 as it would be constituted for a computer operating system shell 480. In 
the present embodiment. Microsoft Windows NT is considered, but it is understood that other comparable environments 
may be used, including UNIX. Windows 95. etc. As is well-known, operating system 480 is responsible for supervising 
and controlling the operation of processing system 398 and all of its associated peripheral devices. Operating system 
480 also includes various interactive control and graphical application interfaces (Fig. 5) for permitting a user of 

55 processing system 398 to run various applications programs, and to set up, control, configure, monitor and utilize 
peripheral devices such as disk drives, printers, monitors, modems and the like. 

To assist operating system 480 to interact and control such peripheral devices, it is also well-known to use device 
drivers which are essentially low-level hardware routines executed by a host processor and operating system. A device 
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STJL h r Y TT !f " 6X6011,81516 f ,,e tha « to*™* all the code necessary to instruct a host processor to inter- 
- face and dr.ve a parfcular dev.ce wrthin a computing system. Device driver 400 acts as ah interface between a ?™f 
■; at,ng system 480 (in this case. Microsoft Windows NT) and hardware 396. In this case, for exampte de^ce drl^o 

",sisr h (see F 5 which is embodied in a «*« «*«* ^ i sisssrs 

UEEflZT * P 6 ^ 8 d6ViCe driV6r ,hat in «"**»*"• with hardware 396 operates as a "soft 
T" 6 '' ° Peratin ° SyS,em 480 C,aSSifies this ~"*™tion as an ADSL modem or in ££ *«£ 
another typ.cal personal computer peripheral device, analogous to conventional voice-band modems 

_ Generally speaking, device driver 400 works as follows: a user of processing system 398 desiring to establish a 
data Ink to a remote s,te for transmitting/receiving data initiates such linkWigh m^^o^^^S^S^ 
SSSS^S, ^ 4) J nterPre,S and S6rviC6s thte r «^» by passing contro. of thiTfask to devtje dHver400 «£, 
•1? ? 2! 1 a ««P r,ato -nstructions for a Device Initialization 440. In a preferred embodiment Modem card 396 
ESSESE ST '^f ^ 410 ^ ™e band modem contro. commands so thaTS prefent 

STSi . ^ 2* W ' th pr66xistina ^^tions programs written for controlling modems using operatic S 
SS^JSr^. 00 '** and data Si9na ' S ~ interpreted and transmitted b? operating system^ to a 
SaTd 3 o^?^^ 

Card 396 to establish a Ink through channel 100 to an upstream conventional ADSL transcieveTmot showoT^ 
exptojned above, after suitable handshaking protocols have been completed, the upsVeam feTv ^SS%£. 

EE *?" ° n * aVaflab,e M USaWe This diream dataTsX^ by ^ 

TER/ADC 380 and at the time, ^formation for only N sub-channels (N<=M) is temporarily held in Buffer 370 . At «■ 

SSS lETT inte ; rUPt is 06nerated b * ^ interface 385 and passed ^Z^6n^^L^Je 

410 to alert Interrupt Serv.ce Router 415 to the existence of downstream data requiringVocessino There^fte SS? 
SZTf^S! beg ' nS proCessj "9 the *wnstream data stream in response ?oonlSSmt£2m^i^ 
ESS Z Snd C ° rrelat6S the in *• various sub^els before passing 72 to SerTa P^rt nter 
face 470. and back to Operating System 480. In this manner. Device Driver 400 cooS^^S^J^SL 

As mentioned earlier. Device Driver 400 also contains control information for configuring the number and selection 
of sub-channels to be used in the particular data link established through channel 100 wS KSim^S^ 
during an .nrt.al.zat.on process. As also mentioned above, this contro. information «m*n*£jS^ 
host processing system 398. or alternatively, automatically sensed and monitored by such pSSSZ^SLS rL<L°H 
on a computing performance rating for such system determined in a calibration raufineTerth^etert dSSfSltf 
ftrtitton process (and at all times subsequent) the upstream transceiver is induced to use lSSS£S!S!,Z 
unJ^l? 9 tranSmiSSi0n ™« is accomplished by transmitting SNR WDrm^tff 
ZfJZ a t nSCe o ef 38 Zef ° for a" but K S N of the sub-channels of the driver selection. This data i pa2£ u^e/cTn 

na^Answer modes. mon,tor,ng call progress, performing modem diagnostics, configuring receiveAransm 1 ZmL 2~ 

« S^lSSr" " deSir6d ' ^ 88 be foUnd in ^ ethemet "^connections!?^ 

^ ou t i ^^f^i h Il^^i" 9S 41 , 0, th6 .P.' 686 "' inv e"tion. the general design of the above Data Pump Device Driver 400 is a 
^ II 35 ,t ' eS ° f ° ne SWned in lhe art 706 «P ecin » of such implementation are >no crittafo* 
1 J,? 6 T in r 6ntl ° nS ' 8nd Wi " Vary from aPP'ication to application according to system designe"eSire 
r^hSSh^ ^ hCre A9ain ' WhMe thiS •"*»*"■« of the present inverrtfon is^etTJ l in tSe coSof 

rnTSw^!^ P f W rUnmn9 WindOWSl * Wi " be to ^"^ * * a art that above option °J 

rSfJ 6x6n ^'ary .mplementation. The referenced DMT routines, associated contro. and hm«J^l£££Z£ 

i^T S . °? ^^"^atmg system environments, and in a variety of different SSoJStal 
tons (high level or low level processing forms) well-known in the organize 
500 jLSi^? !?° d, i e r t im P ,emented usi "9 a standard PC running Windows, Control/Application interface 
JSS Z ffS TTES/S ? rfJ Ch Pr ° Vide Standard m0dem ^ «* interf aoe with DataTump^evice dS 

c 4 u°s^m^ 

Another particularly beneficial aspect of the embodiment of Fig. 3B is the provision of a self determining "perform- 
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ance" or calibration rating that can be used to determine an optimal or maximum data throughput rate. In other words, 
the system of Fig. 3B can automatically and adaptively configure a host system 398 to a particular throughput rate 
based on an evaluation of the available computing power. In a preferred embodiment, the performance rating is deter- 
mined based on a calibration rouune executed by Data Pump Device Driver 400. This routine sets a timer, and counts 

5 how many DMT frames can be processed within the given time; this gives a relative figure of merit for the particular host 
system in question. For each sub-channel to be added, one DMT frame needs to be processed within a small fraction 
of 250 us. Therefore, by incrementally increasing the sub-channel count, the overall effect on total system processing 
overhead can be determined. Control/Application Interface 500 provides the user with control to set a threshold of avail- 
able host power for implementing the high speed link. Based on this threshold of available power (which can be nomi- 

w naliy set to 20%) the nurrfcer of subchannels that can be supported can be gleaned very quickly. 

In view of current technology, when DMT processing is implemented in software, the host processing power is more 
likely to be the limiting factor than the frequency band of the subband filter 80 in Figure 1 B. Nevertheless, because host 
processors (and especially microprocessors) are evolving in performance at a fairly rapid rare, the present invention 
affords users an opportunity to realize a high speed data link with performance that is controllable, and which improves 

is whenever there is an upgrade in the host processing system. Since many typical present day personal computer sys- 
tems have easily accessible and replaceable host processors, users of the present invention can easily and flexibly 
expand arid enhance the throughput and functionality of an ADSL modem. 

An example of the flow chart for an ADSL mo dem application/control program 500 designed in accordance with 
the present teachings is shown in Fig. 5. With the teachings herein, a user of host processing system 398 can. for the 

20 first time, dynamically control a forward compatible and expandable modem, such as an ADSL modem, using modem- 
control applications software that is analogous to that only previously available for voice band modems. In a preferred 
embodiment. ADSL Modem Card 396 is automatically detected by Operating System 480 and set up by initialization 
routine 505 by Modem Device Driver 400. A separate detection routine 510 determines whether or not ADSL Modem 
Card 396 has been upgraded with an additional AFE (as described generally with reference to Figure 6 below), or alter- 

25 natively whether a processor used in a host system has changed. The purpose of this step is primarily to determine 
whether entries in a Device Parameters Table 560 need to be updated because of changes in computing power, front 
end capabilities or other parameters that may necessitate a modification of the data throughput characterization of the 
overall system when used in a communications mode. 

A calibration routine 520 is then executed to determine the nominal setup parameters for the overall system in the 

30 manner described earlier. The results from this operation are stored in Device Paramater Table 560 where they then 
become accessible to vanous application programs that may make use of ADSL Modem Card 396 and Device Driver 
400. The information stored in table 560 can include any or all of the following (a) measurements of the computing 
power available to the host processor; (b) measurements of the number of frames processable by the system within a 
particular time period; (c) estimations of the expected loading on the processing system based on demands of other 

35 applications programs and peripheral devices; (d) minimum and maximum data throughput estimations and/or targets; 
(e) data identifying the type of host processor; (0 data identifying the number and type of AFEs in ADSL Modem card 
396; (g) estimations and/or target system loading rates available for a datalink (i.e.. maximum available processing time 
to be used by the system during data transmission); (h) data transmit and receive buffer sizes; ( i) interrupt or similar 
priority data for the modem card; (j) estimations and/or target system sub-channel utilization; (k) estimations and/or tar- 

40 get system sUb-channel bit capacity information; etc. It will be apparent to skilled artisans that the above are just exam- 
ples of the types of information that may be pertinent to the performance of a high speed communications system, and 
that other parameters may be considered depending on the environment, application, etc. in which the present inven- 
tion is used. a . 
After performing Auto Calibration routine 520, the results of the same are presented to the user tor acceptance and 

45 verification at step 525. At this point, the user can accept the predetermined configuration data at step 526 (i.e.. such 
as proposed maximum and minimum throughput rates, loading rates, etc) and this would otherwise invoke an end of 
modem setup routine 590. Should the user not want to accept the recommended parameters, a Manual Configuration 
routine 530 is executed. At this juncture, various system performance data can be presented to the user for review, 
along with a list of modifiable system options 532. If for example, the user elects to increase the desired throughput rate. 

so a Verification routine 540 is then executed to determine whether such rate is reasonably sustainable within the other 
parameters of the system. If the new proposed configuration data is otherwise acceptable, then the Device Parameter 
Table 560 is updated, and the setup routine again ends. Otherwise, the user is alerted by a Notification/Suggestion rou- 
tine 550. which points out the failure of the proposed configuration, and, if possible, makes suggestions to the user for 
modifying the system options 532 so that overall compliance can be achieved within the performance capability of the 

55 host processing system. The program then loops back to Acceptance routine 525. and thereafter the process is 
repeated until an acceptable configuration has been achieved, and any changes have been incorporated into Device 
Parameter Table 560. _ . 

While some of the operational steps above are described as implemented solely by Operating system 480 and 
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pence Dnver 400. rt .s understood that such operations occur under direction of modem applications program 500 or 
Ln^n teSed .° n ,ni « a ' i2ati0 " routines «"■*'« ^ the host processing system. Moreover, to sfrrSfy *e p^es 

2E£L?i£ PreSent r e ? 0n ' ° nly S ° me ° f the features that ^ *» Elemented are described above an?rn?ny 
other well-known operational steps normally associated with setting up or monitoring modems are omitted * 

farp^n 'IL^i 6 ? 9 " ° f the , a ^ ov l f Data Pum P Device Driv er 400. the general design of the Control/Application Inter- 
oll^ ^Z 1 L aCC ° m S Sh ^ ^ ,UnCtfonS iS a routine ,ask we » wrthin *• abili «es of one stalled in *e art 
fn^ w ml T'" 95 T n 7116 SPeC '" CS °' SUCh im P ,em ^tion are not critica. or essential to the present invention^ 
Aoa'rT k y IT fSS 31 ' 0 " t0 a PP" cation accordi "9 to system designer requirements, so they are not included 

t 5 I ,s K embod,men t °» the P^ent invention is set out in the context of a PC based host process^ mnnlng 

T^enc^S S^^^T* m *? ^ ^ ^ deSCripti0n iS mere * an « '-P'emenX 9 
mente anT?n1 SK' 086 ? ^J^ 6 030 be emp,oyed in numerous Processing/operating system environ- 
ments, and m a var.ety of different cod-ng organtzations (high level or low level processing forms) well known in the art. 

MULTIPLE AFE AND LOWER SAMPLING SPEED EMBODIMENT 

thro,!S 6 I " luS,rat ^ an f^^e ofthe P resent Mention wherein a user can achieve significantly increased data 
22Sf JT" T P ?J?" 0051 ,0W Samplin9 ^ AFEs - ^nerally designated 680A. 680B SoC Sc S 
2S225^ th6Se fl AFEs ^ be in "P*"* mod «'^ form and configured in a bank to m so thaUhey Sn be 
r",nT^ f co ™' e " ,ent| y on a printed circuit board (or similar mounting) or integrated in a single ^IC ch p Sc?AfI 
"the" dZretmlJ 3 Na -T COn,i 9 urafon ' « ■"***•* prSrammed/o^troHedrpas^ Ta ^cLin portion 

tionTeftnTttoTh t tZ^Z^^"*" 9 , Pr0CeSSinfl ^ iS avai,abte for DMT ^ulation/denSfuTa- 

«r «i e ^ ^ dedrcated or software .mplementation as described above in connection with Figs 3A and 3B) a 

UNDERLYING THEORY OF PRESENT INVENTION FOR ADSUDMT APPLICATIONS 

« t ^n d, ^ l,SS,0 !L 0, the " nder, y ,n B theory supporting the premise of the present invention now follows In particular this 

AS^MT^^T^ , h ema,,Ca, faund ?° n FOf me USe 0f ,ow Are * *> sample a STarSwl 

££. k ^ !1 9 ? bS apparent to ,hose sWlled in *» after ^ing this discussion that the present invenJSs 

Sns iAoir 960 " y 8 nUmb8r ° f ^ adapt3b,e environments. incfu^ CAP CSSS 

DMT Transmitter 

1P S^Z!!* !5 P r ! se l n, t discussion . a subset of the DMT transmitter is considered, as shown in Figs 1 D and 
a™ J£ J? kT^^ "S - that inC,UdeS thS Channel response and * e DMT reiver is shown beZ wherfonly Se 
SFI^c^in^o^ ^ SamP " n9 iS ^ ^ T ° <Urther *** •» ^U^e°l°Z 

nals 'wiSfn 5?I2^I^ ^ ' ^ ^ fittefin9 prOCess ^ resu " sho ^ that the DMT sig- 

muitirTAF?! SS^^ w « be r f C0V6red wrth ^e use 01 im P"lse response shortening technique. With use of 
mult.ple AFE s that cover different frequency bands, all DMT subchannels can be recovered 



IFFT 



45 



domLinSy A F?F USST* " ^ R9 1 D " W {N= ™ ] d0main are transformed into the time 



/-0 
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Cyclic Prefix 

c time domain variables at the end are added to the prefix of the sequence as shown in Fig. 1 D by block 70 
{z n }={z_ c .z. c ^. • ■ • .r. v r 0 .*i. * # • . 2 Af-i WVw-c. 9 m # -Xam./o. * # * -/am) 

5 

AFE/DAC 

Discrete time domain sequence are converted by AFE 75 to the continuous time domain waveform as follows: 

00 

£ z n p TX (t-nT c ). 



w 



is where p TX (0 >s the transmitter pulse of the AFE/DAC used, and T c is the transmitter DAC clock period and equal to 

T _ 250iisec 
c ~ N+c 

20 

according to the DMT ADSL specifications- 
Channel 

25 With reference now to Fig. 1E, if the channel impulse response is h c (t). we have 

GO 

u(t)= £ z„p RX (t-nT c ) 

/)--« 

30 

where p RX (t)=p TX {t)®h c (t) . 
Bandpass Filtering 

35 

If the bandpass filter 80 has an impulse response of 



h BPF it).v{t)-. £ z n PBPF(t-"T c ) 



40 



where p BPF (t)=p RX (t)®h BPF {t) . 
45 AFE/ADC 

Let the sampling clock be T s = r c x L . This means a slower sampling by a factor of L for AFE 81 . Thus. 



50, 



= £ z n p aPF (/cr s -nr c )= £ * n P SPF ([*L-n]r c ) 



For causal pulse p B pf (0. we nave 



55 



W„= £ 2 n P S FF<(^-") r c) = £ Z*LfPBPF{ nT c) 
n s -co n m 0 
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ttsQ 

= if lz n p B/ . F akL-n-iLjr e )]h s „ x [i) 
= iznh,,„[kL-n) 



10 = £*«.-,, 

n*=0 



where 



15 



1=0 



20 Physical Meaning of h tot [n] 

If we perform discrete Fourier transform at block 84 for h tot [n], we obtain H t0{ [<a]= H SFIR [L&]H BPF [<o] where H SFIR 
[Leo] and H ePF [©] are the DFTs with period \(LT C ) and \/T c , respectively. Their spectra can be illustrated as shown in 
Fig. 1Ffor L=5. 

Dropping Cyclic Prefix 

By dropping the cyclic prefix of length c/L, at block 83 we consider only s k =r k ,k=0, • • • ,A/.,-1 , where A/ 1 = A//L . 
30 FFT 

Performing FFT at block 84 for s k , k=0, • • • ,(A//L)-1 p one obtains: 
<!n = Z* S l € 1 

*=0 ^ 1=0 

45 Jk=0 1 = 0 

= i "±~« tt w«-' 2 " ,(tt -' > '" , A« [i].-' 2 '"""- 

i=0 *=0 
/ = 0 *=0 
/=0 4=0 



e j2nnklN x 



50 



55 



where we assume h tot [/] is only nonzero for / = 0, • * • , c . For a given / , let us define 
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10 



15 



20 



25 



30 



35 



40 



We can then define /'=/!-/, where / =0....,L-1 . Therefore, /=/'/_-/' 
From the above definitions, we have 



IV""** 1 ' =l.y u ^r 1 ^ yN ' +Yy Url <r l *« a "' VN < 

JH) Jfc=0 k=d' 



^=0 fc=i* 



Therefore, 



1 N i l y k L-i'" J2 " ltu - ,),t, 'h m uu-Ji**"*, 

/= 0 Jfc s 0 

X 

1 = 0 



= 1 

i = 0 

= 1 

i = 0 
c 

= 1 

/ = 0 



) 4=0 

>|_ *=0 I 

. * =o [ /=o r to> L ' ie 1 

A =0 / = o 



/=0 Jfc=0 



*iw Me-' 2 *"""* 



45 



SO 



55 



Since 



*=0 



we have 



/=oL m= o J 



-}2nnUNy 

\e 
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Knowing that h tot [/] is zero for / < 0 and / > c , we have 



10 



15 



Since 



'--^2f2 , *-*f 1 *..^- f - /A l 

'=0Lm=0 J 



J2ani/ /V, 



= A \X X"| ~£*«t l +.* 12sFm,L ]k 



-i-Je-^W-o/iV 

'=-"• ' =0l m=0 



20 



25 



30 



o*=2m/NT 



0J=2nnlNT r 



at=2m/NT c 



35 we have 



40 



45 



50 



55 



m«0 r=o /=— > 

m=0 i=0 f Z c c 

m=0 / c r=o 



= — Y x w H / 2^/i . Inm ^ 



m=0 
£-1 



/i = 0 N i - I 



m=0 
£-1 



~ ^1 S x mN ,+/|H /of [nW J + n) f n = 0...., N t - 1 



m=0 



where 



H, of [/t] = ^H, ot (^n), forO</i<^ 
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Relationship between q n and x n 

As shown in Fig. 1G if F? to Jn] is a bandpass filter and nonzero only in the intervals [k(N/2L) t (k + /)(N/2L)] and \(2L-k- 
f)(N/2L) (2L-k)(N/2L)l where 0 < k < L, the possible values of m that 

5 

10 is nonzero for 0 <, n < (N/L) are as follows. 
Even k 

If k is even, we can have m=A72 and 0 <, n <(N/2L) so that 



15 



20 



25 



35 



40 



45 



50 



55 



H fot [m{N/L) + n) 



is nonzero over the interval lk(N/2L), (k + l)(/v/2L)], and m=(Z_-l)-/r/2 and (N/2L) <, n < (N/L) so that 

H fof [m(*/L) + n] 

is nonzero over the interval [(2L-k-\)(N/2L), (2L-k)(N/2L)]. 
066 k 

30 If A: is odd, we can have m=(k-\)/2 and (N/2L) £n< (N/L) so that 



K t0r [m(NtL) + n) 

is nonzero over the interval [k(N/2L) t (k + l)(/V/2L)], and m=L-(/c-l)/2 and 0 ^ n <(A//2L) so that 

H w [m{NfL) + n] 

is nonzero over the interval [(2L-k-\)(N/2L), (2L-k)(N/2L)]. 
The above discussion is illustrated in Fig. 1G for L = 3. 

In another variation that can be used in the present invention, similar advantages to those obtained by limiting 
bandwidth in the received signal in the downstream transceiver can be obtained by also optionally limiting the upstream 
data rate of the transceiver as well. In other words, the ADSL standard provides for 31 channels in the upstream direc- 
tion, but many applications do not require this amount of bandwidth. The constraints, requirements and costs associ- 
ated with the DMT modulation signal processing, and DAC 330 also can be significantly reduced by transmitting only a 
sub-set of the available 31 sub-channels. The determination of the appropriate sub-channels would be accomplished 
in essentially the same manner as set forth above, except that the information on upstream sub-channel SNR usually 
must be determined by the upstream transceiver, and then fed back to the downstream transceiver To save time and 
overhead complexity, and given the fact that there is less variation in bit capacity in sub-channels in this frequency band, 
one approach also would be to simply select a fixed sub-set of such sub-channels-wrthout regard to their actual per- 
formance characteristics- In a software modem environment Control/Application software 500 would provide a user 
with selectable control to effectuate a restricted upstream transmission on limited sub-channels. Again, with respect to 
the ADSL standard, the only requirement in this respect is that the upstream pilot tone must also be transmitted to 
establish a valid data link An optional limited "upstream 1 ' transmission can be effectuated in a variety of ways by the cir- 
cuitry already described above in connection with Figs. 2 and 3. The exact details of such implementation will be appar- 
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ent to those of skill in the art given the present teachings. 

Although the present invention has been described in terms of a preferred ADSL embodiment, it will be apparent 
to those skilled in the art that many alterations and modifications may be made to such embodiments without departing 
from the teachings of the present invention. For example, it is apparent that the present invention would be beneficial 
5 used in any xDSL or high speed multi-carrier application environment. Other types of VLSI and ULSI components 
beyond those illustrated in the foregoing detailed description can be used suitably with the present invention. Accord- 
ingly, it is intended that the all such alterations and modifications be included within the scope and spirit of the invention 
as defined by the following claims. 

10 Claims 

1. A high speed communications system capable of supporting a downstream data transmission from a upstream 
transceiver using a analog signal consisting of M data carrying signals contained within a bandwidth F, said system 
comprising: 

15 

a channel interface circuit for coupling to and receiving said analog signal; and 

a front end receiving circuit for processing the analog signal and converting it to a digital signal; 

a processing circuit for extracting N data carrying signals (N <M) from the digital signal using a first frequency 

portion f1 of the digital signal (f1 <F). 

20 

2. The system of claim 1, wherein the N data carrying signals are selected by the processing circuit based so as to 
minimize the amount of processing required to extract the selected data from the digital signal. 

3. The system of claim 2, wherein the N data carrying signals can be selected during a initialization process setting 
25 up a data link to the upstream transceiver. 

4. The system of claim 3. wherein M data carrying signals can be sent by the upstream transmitter during a initializa- 
tion process, and thereafter, only N data carrying signals are sent. 

30 5. The system of claim 1, wherein the front end circuit includes: (i) a sub-band filter for passing the first frequency 
bandwidth portion f1 of said bandwidth F; (ii) and an analog to digital converter. 

6. The system of claim 1, wherein the selected data further includes data obtained from an additional second fre- 
quency bandwidth portion f2 of said bandwidth F, so that an additional number of data carrying signals P from the 

35 M data carrying signals (N+P < M) can be processed. 

7. The system of claim 6, further including one or more sub-band filters for passing the first frequency bandwidth por- 
tion f 1 and second frequency bandwidth portion f2 of said bandwidth F and an analog to digital converter. 

40 8. The system of claim 7, wherein a target data rate of the system can be increased by processing an additional 
number of data carrying signals P from the M data carrying signals, where N+P <M. 

9. The system of claim 1 , wherein the selected data to be extracted from the bandpassed data can be controlled by a 
user of such system. 

45 

10. The system of claim 9, wherein a user of such system can increase a target data rate of the system by modularly 
augmenting the front end circuit to include additional bandwidth and analog to digital conversion capacity such that 
an additional number of data carrying signals P from the M data carrying signals (N+P <M) can be processed. 

so 11. The system of claim 1 , further including a front end transmitting circuit for transmitting control information to cause 
said upstream transceiver to transmit downstream data only using the N data carrying signals. 

12. The system of claim 1 1 , wherein the control information transmitted to the upstream transceiver includes feedback 
information indicating that only N of the M data carrying signals are desirable for downstream data transmission, 

55 even during times when said channel is capable of supporting more than N data carrying signals. 

13. The system of claim 12, wherein the control information transmitted to the upstream transceiver further includes 
feedback information indicating that: (i) the system can support any data protocols used by said upstream trans- 
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ceiver; and (ii) that they are connected through a channel with substantial signal attenuation characteristics for data 
signals other than the N data carrying signals. 

14. The system of claim 1, further including a front end transmitting circuit for transmitting an upstream data signal 
5 using a second frequency bandwidth F2 different from F, and L data carrying signals, and where L < M. 

15- A high speed communications system for processing an analog data signal from a channel capable of supporting 
M modulated sub-channels, said system comprising: 

10 a channel interface circuit for coupling to and receiving said analog data signal from the channel; 

a analog front end circuit for processing the analog data signal and converting it to a digital signal; 

a processing circuit for extracting data from the digital signal, the digital signal including data taken from a 
15 number N of said sub-channels, where N is intentionally selected to have a value less than M and where N is 

negotiated with an upstream transceiver during a initialization procedure. 

16. The system of claim 15, where the N sub-channels are initially loaded with bit capacities that are left essentially 
unchanged unless said channel characteristics vary. 

20 

17. The system of claim 15. wherein the selection of the N sub-channels can be done during the initialization proce- 
dure. 

18. The system of claim 15. wherein the value of N is based on signal processing capability of the processing circuit. 

25 

19. The system of claim 15, wherein a target data rate of the system can be increased by processing a additional 
number of sub-channels P from the M sub-channels, and where N+P <M. 

20. The system of claim 1 5 further including a front end transmitting circuit for transmitting control information to cause 
30 said upstream diver to transmit downstream data only using the N sub-channels. 

21. The system of claim 15. wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat- 
ing the M modulated sub-channels, and the channel supports asymmetric digital subscriber loop (ADSL) transmis- 
sion standards. 

35 

22. A high speed communications system for processing an analog data signal from a channel capable of supporting 
M modulated sub-channels, said system comprising: 

a channel interface circuit for coupling to and receiving said analog data signal from the channel; 

40 

an analog front end circuit for processing the analog data signal and converting it to a digital signal; 

a bus interface circuit for transmitting the digital signal to a host processing device, and for receiving a trans- 
mission control signal from the host processing device to cause said upstream transmitter to transmit using 
45 only from a number N of said sub-channels, where N is intentionally selected to have a value less than M, and 

where N is negotiated with a upstream transceiver during a initialization procedure. 

23. The system of claim 22, wherein the value of N is based on signal processing capability of the host processing 
device. 

50 

24. The system of claim 22, wherein a data rate of the system can be increased by processing an additional number 
of sub-channels P from the M sub-channels, and where N+P < M. 

25. The system of claim 22. wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat- 
55 ing the M modulated sub-channels, and the channel supports asymmetric digital subscriber loop (ADSL) transmis- 
sion standards. 

26. A method of processing a xDSL signal from a digital subscriber loop, said method including the steps of: 
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negotiating a reduced data rate R* for said signal between a downstream and a upstream transceiver; and 

thereafter transmitting said xDSL signal from the upstream transciever to the downstream transceiver utilizing 
a number of sub-channels N to effectuate the reduced data rate R\ where N is intentionally selected to be less 
s than a maximum number of sub-channels M supported by said digital subscriber loop; 

wherein the number of sub-channels N is based on signal processing capability available to the downstream 
transceiver. 

27. The method of claim 26, wherein the data rate of the system can be increased by processing an additional number 
10 of sub-channels P from the M sub-channels, and where N+P <M. 

28. The method of claim 26, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat- 
ing the M sub-channels. 

is 29. The method of claim 26, wherein the reduced data rate R' can be specified by a user operating the downstream 
transceiver. 

30. A high speed communications data receiver for communicating through a channel at a data rate X with a upstream 
transmitter capable of transmitting a data stream at a rate Y (X<Y), the receiver comprising: 

20 

a channel interface circuit for coupling to and receiving said data stream; and 
an analog front end circuit for data sampling the analog signal and converting it to 
a digital signal; and 

a processing circuit for extracting selected data from the digital signal, and for generating a transmission con- 
25 frol signal for causing said upstream transmitter to transmit at a data rate substantially equal to said data rate 

X during a data stream transmission; and 

wherein data sampling requirements of the analog front end circuit and extracting of the processing circuit are 
reduced because data sampling and extracting is only performed for a fractional portion of the data stream. 

30 31 . The system of claim 30, wherein the analog front end circuit further includes one or more sub-band filters for filter- 
ing the analog data signal to generate the fractional portion of the data stream that requires data sampling and 
extracting. 

32. The system of claim 30, further including a front end transmitting circuit for transmitting the transmission control sig- 
35 nal from the processing circuit to cause said upstream transceiver to transmit downstream data only at said data 

rate X. 

33. The system of claim 32, wherein the control information transmitted to the upstream transceiver includes feedback 
information indicating that the maximum downstream data transmission data rate is X, even during times when said 

40 channel is capable of supporting more than said data rate X. 

34. The system of claim 30, further including a front end transmitting circuit for transmitting an upstream data transmis- 
sion using a data rate Z, where Z < Y. 

45 35. The system of claim 30, wherein the ratio of X to Y is approximately .5 or less, and this ratio can be increased 
through modular additions to the analog front end circuit. 

36. A high speed communications data receiver for communicating through a channel with an upstream transmitter that 
is capable of transmitting a data signal with a particular frame rate T and data rate Y, the receiver comprising: 

50 

a channel interface circuit for coupling to and receiving said data signal; and 
an analog front end circuit for sampling the data signal and converting it to a digital signal; and 
a processing circuit that: (i) is configurable for processing the digital signal at a data rate <=X and using said 
frame rate T, where X is determined for such processing circuit prior to initialization of a data transmission and 
55 X < Y/2; (ii) generates a transmission control signal for causing said upstream transmitter to transmit at a data 

rate no greater than X during a data transmission; 

wherein signal processing requirements for the processing circuit are reduced because processing is only per- 
formed at a fractional rate of the available data rate of said transmission protocol. 
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37. The system of claim 36, wherein the control information transmitted to the upstream transceiver includes feedback 
information indicating that the maximum downstream data transmission data rate is X, even during times when said 
channel is capable of supporting more than said data rate X. 

5 38. The system of claim 36, wherein the feedback information including the data rate X can be controlled by a user of 
such system. 

39. The system of claim 36, wherein the ratio of X to Y is approximately .2 or less. 

io 40. A high speed communications system for transmitting digital information in a channel capable of supporting a trans- 
mission bandwidth F, said system comprising: 

an upstream data transceiver capable of modulating the digital information to generate an analog data signal 
data transmission using said transmission bandwidth F; and 
rs a downstream data transceiver channel interface circuit for coupling to and receiving said analog data signal 

from the upstream data transciever through said channel, the downstream data transceiver including: 

(i) a front end receiving circuit for processing the analog data signal and converting it to a digital signal ; and 

(ii) a processing circuit for demodulating the digital signal, the digital signal including data from a first fre- 
20 quency bandwidth portion f 1 of said bandwidth and for generating feedback information indicating to the 

upstream transceiver that the bandwidth other than f 1 is unsuitable for data transmission; and 

(iii) a front end transmitting circuit for transmitting the feedback information using a second frequency 
bandwidth portion f2 to cause said upstream transceiver to transmit downstream data only using the first 
frequency portion f 1 . 

25 

41. The system of claim 40, wherein the ratio of f 1 to F is approximately .5 or less, and this ratio can be increased 
through modular additions to the front end receiving circuit. 

42. The system of claim 40, wherein the feedback information contains intentionally altered channel characteristic 
30 information. 

43. The system of claim 41 , wherein the feedback information, including the size and location of first frequency portion 
f 1 , can be controlled by a user of such system. 

35 44. A high speed communications data receiver for communicating through a channel at a controllable data rate X with 
an upstream transmitter capable of transmitting a data signal at a flame rate T. and a data rate Y, where X/Y < 1/2, 
the receiver comprising: 

a channel interface circuit for coupling to and receiving said analog data signal; and 
40 an analog front end circuit for data sampling the analog signal and converting it to a digital signal; and 

a processing circuit for determining said rate X based on processing capabilities available for extracting data 
from the digital signal, and for generating a transmission control signal for causing said upstream transmitter 
to transmit using said flame rate T, and a data rate substantially equal to said data rate X during a data trans- 
mission. 

45 

45. The receiver of claim 44, wherein said rate X is determined during a calibration routine. 

46. The receiver of claim 45, wherein said calibration routine is executed by a host data processor to determine the 
capabilities of such processor. 

50 

47. The receiver of claim 44, wherein said rate X is configurable by a user of such receiver based on performance char- 
acteristics of a host processor comprising a portion of the processing circuit. 

48. The receiver of claim 44, wherein X/Y is approximately .5 or less. 

55 

49. A method for communicating through a channel with an upstream transmitter that is capable of transmitting a data 
signal at a frame rate T, and a data rate Y, the method comprising the steps of: 
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receiving said data signal; and 

sampling the data signal and converting it to a digital signal; and 

processing the digital signal at a data rate <=X and using said frame rate T, where X is determined prior to ini- 
tialization of a data transmission and X < Y/2; and 
5 generating a transmission control signal for causing said upstream transmitter to transmit at a data rate no 

greater than X during a data transmission. 

50. The method of claim 49, wherein the control information transmitted to the upstream transceiver includes feedback 
information indicating that the maximum downstream data transmission data rate is X, even during times when said 

10 channel is capable of supporting more than said data rate X. 

51. The method of claim 49, wherein the feedback information including the data rate X can be controlled by a user of 
such system. 

15 52. The method of claim 49, wherein said rate X is determined during a calibration routine. 

53. The method of claim 49. wherein said rate X is configurable by a user of such receiver based on performance char- 
acteristics of a host processor comprising a portion of the processing circuit. 

20 54. A method of operating a high speed communications system that is coupled through a channel to an upstream 
transceiver operating at a maximum data rate Y using a bandwidth F, said method comprising: 

(a) receiving an analog initialization signal having a bandwidth F from the upstream transceiver through the 
channel; and 

25 (b) generating a digital signal based on sampling a portion of the analog data transmission signal correspond- 

ing to a first frequency bandwidth portion f 1 , where f 1 <F; and 

(c) processing the digital signal to extract data from the digital signal such that an effective receiving rate X 
(where X<Y) is achieved by the system; 

(d) generating feedback information pertaining to the channel transmission characteristics indicating to the 
so upstream transceiver that data rates higher than X should not be used; 

(e) thereafter recieving an analog data signal transmitted by the upstream transceiver to have a bandwidth f 1 ; 

(f) repeating steps (b) and (c). 

55. The method of daim 54, further including a step prior to step (a): receiving a control signal from a user of such sys- 
35 tern for determining the effective receiving rate X. 

56. The method of claim 54, further including a step: determining an optimal bandwidth portion f 1 so as to minimize the 
amount of processing required to extract the data from the digital signal at the receiving rate X. 

40 57. A high speed communications transceiver for communicating with an upstream transceiver transmitting an analog 
data transmission signal using M data carrying signals within a bandwidth F through a channel to said system, said 
transceiver comprising: 

a channel interface circuit for coupling to and receiving said analog data signal from the channel; and 
45 a front end receiving circuit for sampling the analog data signal and generating a digital signal based on such 

analog data signal, the digital signal including data from a first frequency bandwidth portion f 1 of said band- 
width F containing N data carrying signals, where N<M; and 

a bus interface circuit for transmitting the digital signal to a host processing device; and 
wherein the system's performance, including data rate, can be scaled based on modifications to said front end 
50 receiving circuit or said host processing device so that a the sampling of the analog data signal can be 

increased, and the first frequency bandwidth portion f 1 can also be expanded. 

58. The system of claim 57, wherein the front end receiving circuit includes a filter for passing the first frequency band- 
width portion f 1 of said bandwidth F; (ii) and an analog to digital converter. 

55 

59. The system of claim 58, wherein when the modifications include adcfitional bandpass filters for increasing the first 
frequency bandwith portion from f 1 to f2, where F > f2 > f 1 , the number of data carrying signals is increased from 
N to N+P, where P = f2/f1*N , and N+P< M. 



23 

BNSDOC1D: <EP 0889615A2_I_> 




EP 0 889 615 A2 



60. The system of claim 57 p wherein the modif ications include adding an additional number of front end circuits k in the 
system each with a bandpass frequency f 1 to result in N*k data carrying signals being included within the digital 
signal. 

s 61. The system of claim 57, wherein the first frequency bandwidth portion f 1 is programmable. 

62. The system of claim 57, further including a front end transmitting circuit for transmitting control information to cause 
said upstream transceiver to transmit downstream data only using the N data carrying signals. 

w 63. The system of claim 62, wherein the control information transmitted to the upstream transceiver includes feedback 
information from the host processing device indicating to the upstream transceiver that only N of the M data carry- 
ing signals are desirable for downstream data transmission, even if said channel is capable of supporting more than 
N data carrying signals. 



is 64. The system of claim 63. wherein the front end transmitting circuit transmits an upstream data transmission using a 
second frequency bandwidth F2 and L upstream data carrying signals, and where L < M. 

65. The system of claim 57. further including a host processor circuit in the host processing device for extracting 
selected data from the N data carrying signals. 

20 

66. The system of claim 65, wherein host processor circuit includes a host microprocessor, a programmable memory 
coupled to the microprocessor, and a data extraction routine located in the memory which can be executed by the 
microprocessor. 



25 67. The system of claim 66. wherein the modifications include upgrading said host processing circuit to include addi- 
tional signal processing power for processing an additional number of data carrying signals. 

68. A method of operating a high speed interface between an upstream transceiver and a host processing device at a 
target data rate, said method comprising: 

30 

(a) receiving an analog initialization signal having a bandwidth F from the upstream transceiver through a com- 
munications channel; and 

(b) generating a digital signal based on sampling a portion of the analog initialization signal corresponding to 
a first frequency bandpass portion f 1 ; 

35 (c) transmitting the digital signal to said host processing device so that characteristics of data carrying signals 

contained within first frequency bandpass portion f 1 can be determined, and a number of such data carrying 
signals can be configured for use by said host processing device to achieve said target data rate; and 
(e) generating feedback information indicating to the upstream transceiver that bandwidth other than the first 
frequency banc$>ass f1 should not be used for data transmission; and 

40 (f) receiving an analog data transmission signal having a bandwidth f 1 from said upstream transceiver; and 

(g) generating a digital signal based on sampling the analog data transmission signal; and 

(h) transmitting the digital signal to the host processing device so that it can be processed to extract selected 
data from the data carrying signals; 

(i) when a data rate increase is required, expanding the first frequency bancfcass portion f 1 and returning to 
45 step (a). 



69. The method of claim 68, further including a step of: determining an optimal size and location of first frequency 
bandpass portion f 1 so as to minimize the amount of processing required by said host processing device to extract 
the data from the digital signal. 

50 

70. The method of claim 68, wherein the ratio of f 1 to F is approximately .5 or less, and a data rate of such interface is 
controlled by controlling this ratio. 



71. The method of claim 68 wherein the analog data transmission is comprised of M modulated sub-channels within 
55 bandwidth F, and the selected data is contained in N of the M sub-channels within first selected frequency band- 
pass portion f 1 . where N < M. 

72. The method of claim 68, further including a step: determining an optimal set of N sub-channels so as to minimize 
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the amount of processing required to extract the data from the digital signal. 

73. The method of claim 68, further including a step wherein protocol information pertaining to standards applicable to 
Asymmetric Digital Subscriber Loops is transmitted by the upstream data transceiver so as to set up a ADSL com- 

5 patible data link. 

74. The method of daim 68, wherein during step (i) the first frequency bandpass portion f 1 is increased by the use of 
additional bandpass filters for increasing the first frequency bandwith portion from f 1 to f2, where F > f2 > f 1 , so that 
the selected data is received at an increased rate equal to approximately f2/f 1 . 
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